Abstract-Vehicle-to-vehicle (V2V) communication systems will play an important role in intelligent transportation systems (ITS). But in high mobility road condition, orthogonal frequency division multiplexing (OFDM) is very sensitive to Doppler shift. In this scenario multiple input and multiple output (MIMO) system combined with OFDM, make MIMO -OFDM techniques very attractive and productive for vehicle-tovehicle communications. This paper deals with the bit error rate (BER) performance analysis of MIMO-OFDM system in high way road condition which is modeled based on the Nakagami fading characteristic. The system performance is analyzed with the change in m value of Nakagami channel and also with the variation in the modulation schemes.
Rapid growth in communications technologies and increasing user demands lead to the requirement of using a reliable wireless links with large band width capacity. A technique which promises high data rates is the Vertical Bell Labs Layered Space-Time (V-BLAST) architecture. On the other hand orthogonal frequency division multiplexing (OFDM) is robust against frequency selective fading and provides relatively simple receiver implementation [4, 5] . And also OFDM is considered as a very promising technique for achieving very high bit rate transmission. Because of its inherent advantages, it has been already accepted in many transmission applications including mobile radio channels, high-bit-rate digital subscriber lines (HDSL), asymmetric digital subscriber lines (ADSL), wireless local area network (Wireless LAN), digital audio broadcasting (DAB), 3GPP long term evolution (LTE) and digital video broadcasting (DVB) [6, 7] . Hence the use of V-BLAST MIMO with OFDM leads to promising next generation wireless communication applications [8, 9] .
In a MIMO-OFDM system, inter-symbol interference (ISI) caused by multi-path propagation (time dispersion) [9] can be eliminated by adding a frequency guard interval dubbed the cyclic prefix (CP) between adjacent OFDM symbols. However, the CP offer no flexibility against frequency dispersion, where carrier frequency offset is introduced due to the Doppler spread. This cause a loss of orthogonality between the subcarriers, and results in inter carrier interference (ICI) [10] . This loss in orthogonality makes the OFDM sensitive to inter-carrier interference (ICI) due to carrier frequency offset (CFO) and Doppler shift [11, 12, 13] . Therefore, the above said advantage comes at the expense of the sensitivity to frequency offset leading to inter-channel interference and hence performance degradation.
The Nakagami-m channel model is a multipurpose model and it can be considered as channel model in the highway scenario. Through extensive study it has been identified as a suitable probabilistic channel model for the vehicular network. However, the transmitter and receiver are moving at high speeds in V2V environments. This causes different fading statistics depending on the existence of a line-of-sight (LOS). It has already been proved that the m parameter changes in inverse proportion with distance.
Let γ represent the instantaneous signal to noise ratio (SNR) and it can be defined as 
Where  is the fading amplitude, s E is the energy per symbol, and 0 N is the noise spectral density. The probability distribution function of  for the Nakagami-m fading channel is given by
Where  (.) represents the Gamma function,
and m is the parameter of fading depth that ranges from 0.5 to infinity and this parameter is responsible for the variation in fading condition.
The fading parameter m is defined by the equation as given below
Then the probability density function (PDF) of the instantaneous SNR γ is given by [14, 15] Rayleigh fading conditions, i.e. no line-of-sight exists, can be obtained through Nakagami by setting m = 1. Higher values of m can be used for approximating Rician distributed channel conditions where a line-ofsight path exists, while for m <1, the channel conditions are worse than the Rayleigh distribution.
In this paper, the performance of a V-BLAST MIMO OFDM system in the presence of CFO is considered. In presence of Doppler, the system performance has been analyzed for different modulation scheme such as (Mary phase shift keying) MPSK and (M-ary quadrature amplitude modulation) MQAM with Nakagami channel.
The remainder of this paper is organized as follows: First, a short description on the V-BLAST MIMO system model in section II. Followed by mathematical analysis on ICI and BER calculation in sections III and IV respectively. In Section V, the simulation results and comparisons are given. Conclusions are drawn in the last section.
II. V-BLAST-MIMO OFDM System Model
In V-BLAST the signal is spatially equalized on a layer basis. OFDM data symbols sent through each individual transmit antenna is referred to as a layer in the V-BLAST.
We consider a V-BLAST OFDM system with T transmit and R receive antennas. And also we consider that perfect channel state information (CSI) is available at the receiver. At the transmitter incoming bits are mapped on a modulation constellation using MPSK or MQAM, the layered using VBLAST algorithm. This layered data then feed to the OFDM modulation block. The OFDM signal for each antenna is obtained by applying the Inverse Fast Fourier Transform (IFFT) on the transmitter side. A cyclic prefix (CP) is inserted in front of the OFDM symbol at the final step of OFDM modulation block. Cyclic prefix is used to reduce the inter symbol interference (ISI). At the receiver side Fast Fourier transform (FFT) is applied after removing the CPs. Then Channel estimation using VBLAST zero forcing (ZF) detection is done for each OFDM subcarrier followed by demodulation.
III. ICI Analysis
An OFDM system basically consists of a parallel transmission, signal modulation and IFFT/FFT [11] [12] [13] [14] . Each parallel data is mapped with MPSK/ MQAM digital modulation scheme and, then, those data are modulated by an IFFT on N-parallel subcarriers. After adding cyclic prefix, the parallel data streams are converted to serial one and then the complete OFDM symbol is transmitted over a discrete-time channel. At the receiver, again the serial data stream is converted to parallel one. After the removal of cyclic prefix, the data are retrieved by a FFT and, then, demapped with corresponding scheme to obtain the estimated data.
In a OFDM system the transmitted signal can be represented by
where x(n) denotes the n th sample of the OFDM transmitted signal, X(p) denotes the modulated symbol over the p th subcarrier and N is the total number of the subcarriers.
The received signal in time domain after DFT could be written as
Where G (p) denotes an additive white Gaussian noise for the p th subcarier.
Assuming the channel frequency offset normalized by the subcarrier frequency spacing denotes as ε and discrete time domain OFDM signal y (n) is multiplied by the factor N / n 2 j e   in (6) to resent the frequency offset.
As in [11] , (6) can be written as
Where p=0, 1 -----, N-1.
The ICI coefficient between l ih and p ih sub-carrier, S (l-p) can be expressed as
Here, S(0) produces the phase rotation to the modulated symbol for p th subcarrier.
The first term in (7) represents the carrier component and the average power on the p th subcarrier can be written as
The second term represents the ICI component and the average power of it can be written as
Therefore, the average SINR for the p th subcarrier can be represented as
When SNR is high, the achievable system bit error rate (BER) performance in presence of the frequency offset is governed by (signal to interference noise ratio) SINR.
IV. BER Calculation
The moment generating function (MGF) [16, 17] of the SNR in Nakagami-m fading is given by
The conditional-error probability (CEP) for M-PSK is given by
The average symbol error rate in Nakagami channel for positive value of fading depth m is given by
As in [16] , the generalized form of s I can be expressed as 
Where d (=m) is a positive integer and As in [16] , from the power series expansion of (2) it can be derived that at the higher SNR region the PDF of the fading amplitude ) ( is inversely varying with the signal SNR level. And the proportionality relation changes with the variation in Nakagami fading shape parameter. For m= 0.5 (one-sided Gaussian), the PDF changes inversely with SNR level whereas for m=1 (Rayleigh fading) and m=2 (Rician fading) it is proportional to inverse of the square and fifth power of the SNR level respectively. Therefore, error probability rate in Nakagami fading channel with m=0.5 is worse than that of Rayleigh and Rician channel.
The BER of coherent M-QAM with two-dimensional Gray coding over the Additive White Gaussian Noise (AWGN) channel.
The average BER in a slow and flat Nakagami-m fading channel may be derived by averaging the error rates for the AWGN channel over the PDF of the SNR in Nakagami-m fading:
Now after some simplification as in [18] , the average BER can be calculated as given below: Above figure shows the BER performance of the 2x2 VBLAST MIMO OFDM system in Nakagami channel condition. As in figure with the change in m values the performance of the system gets better. This improvement in the BER performance is due to the basic fading characteristics of the Nakagami channel, as with the increment of the m value, Nakagami fading characteristics changes from one sided Gaussian distribution to Raleigh distribution. Table 1 represents the system performance with different m values in two SNR regions (high SNR region at 12 dB and low SNR region at 3 dB). As in table with the change in m values at the high SNR level the system performance improves dramatically with respect to that of in low SNR level. Figure 4 depicts the BER performance of 2x2 VBLAST MIMO OFDM system in Nakagami channel condition (m=1) with the variation in the modulation order of MQAM modulator. As in table 2 with the increment in the modulation order the BER performance of the system is degraded. Table 2 represents the system performance in two SNR regions (high SNR region at 15 dB and low SNR region at 3 dB). From the table 2, one important conclusion can be drawn, that is the effect of modulation order on the system performance changes differently in these two regions. As discussed earlier Doppler effect introduce carrier frequency offset in OFDM system and this results in performance degradation. Degradation in the system performance is noticed as shown in figure 5 . Larger the Doppler shift more is the degradation in BER performance. And also one important conclusion can be drawn out of the simulation result is that with the higher order modulation the system become more sensitive towards Doppler change. 
V. Simulation Results

VI. Conclusion
This paper deals with the details analysis on the performance of the VBLAST MIMO-OFDM in mobility condition i.e. the effect of the Doppler shift on the system. For a 2x2 system simulation results showed that with increasing CFO, the BER increases. And also the system performance is analyzed with the variation in modulation order. From the simulation, it can be concluded that MIMO-OFDM is emerging as a promising solution for the V2V communication in severe multi-path condition and also in high mobility condition.
